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(57)AlMtrnct: A method and a power 
tool system Ibr screw joint tightanlng 
by means of a pncaniatic torqne impulisc 
power tool (10) contitilled by a $ladonafy 
programmable conliol unit (22) and viai 
a torque magnitadc and torque {[lOwtli 
calcalstion based on dgnaJs delivered by 
an angle jcensfng de^ce (IQ on the impolse 
untt (13) of the power tool (10). whetcin 
iDOtive pressme ah- is jmpplied to the power 
tool via a flow regnlAline valve (26) which 
\% snocessivdy adjnstable between zero and 
a Ctill power flow. The Oqw regalaling valve 
(26) 1ft controlled by the eonlnil onit (22) 
to deliver a rodnced power dr flow to the 
power tool (10) before and durittg ihc very 
firet delxvered impnlsc, then delivering a fialj 
power flow nntll a ccrtaSn torque magnitude 
Of a certain percentage of the target io«iuc 
level is reached, whereafter the air sapply 
flow » ngtun reduced ontll the target torque 
level ifi reached, and when the tai^ct torque 
level » reached the air flow is shtJl ofT. 
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Method for gOWrninn l^hp op^rafcinn p f a ^^,^m^i,^n ^mJ^u^n^ 

■ wrench and a rowp . r .. flflT^w ioi^ f ^^rfh^ enjr.g hor^y oy5fj=.jn_ 

The invention relates to a method and a power tool system 
for screw joint tightening, where the power tool system 
comprisea a pneumatic impulse wrench, and a programmable 
control unit is arranged to cpntrol the operation of the 
impulse wrench according to a predetermined tightening 
strategy and in response to instantaneous values of one or 
more tightening parameters by regulating during tightening 
the pressure air supply to the impulse wench. 

A problem concerned with pneumatically powered impulse 
wrenches is the difficulty to govern the tightening proceiss 
accxarately enough to ensure a correct and reliable pre- 
tensioning result ^ in a previously known iupulse wrench 
system, described in U,S. Patent Ho. 5,366,026, the output 
shaft of an itnpulse wrench is provided with a torque 
transducer for detecting the torque magnitudes of the 
delivered torque impulses, and a control xmit for 
calculating a torque based clamping force and for 
initiating power shut-off as a certain co-efficient 
representing an increasing clamping force has reached a 
certain value. There is also described a way to more 
safely arrive at the desired final clamping force by 
reducing the motive pressure air supply to the imptilse 
wrench as the difference between a desired final clamping 
force and the actual calculated clanging force is smaller 
than a predetermined value. 

This known tightening system has two weak points from the 
reliability point of view, namely that the actiial 
instantaneous tightening parameter values, like the torque 
magnitude, are obtained from an easii:y^* disturbed torque 
transducer including a magnetostrictive output shaft 
portion and electric coils Tnounted in the impulse wrench 
housing. This arrangement is not only sensitive to external 
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disturbances resulting in a less reliable torque magnitude 
detection but it is rather space demanding and adds in a 
negative way to the outer dimensions of the iTt5)ulse wrench - 
The magnet OBtr lot ive output shaft coniprises a number of 
slots which weaken the shaft and call for an eiaarged 
output shaft diameter. 

Although this prior art patent describes a process control 
where the output torque of the imptilse vrrench is reduced as 
the clamping force magnitude approaches the target value, 
there is still a problem involved when tightening so called 
hard joints, i.e. joints having a steep torque growth 
characteristic. This is due to the fact that the very first 
i«5)ulBe delivered by the impulse wrench could turn out to 
be powerful enough to cause a torque overshoot, i.e. 
reaching a torque magnitude that is higher than the desired 
final torque level. There is nothing described in this 
document about how to deal with this problem. 

In wo 02/083366 there is described a technique for 
determining the installed torque based on signals delivered * 
by an angle sensing means mounted on the inertia drive 
member of the impulse unit. This technique means that the 
delivered torque is calculated from the angialar movements 
per time unit of the impulse unit, and that no torque 
sensing means on the output shaft is required. However, 
there is nothiaig described about how to control a screw 
joint tightening process by changing the output of the 
impulse wrench during the tightening process, for instance 
how to avoid over-tightening at the very first delivered 
torque impulse at hard joints. 

In US 6,668,212 there is described a method for tightening 
screw joints by means of a pneumatic torque delivering tool 
wherein the accuracy of the tightening results is improved 
by using calibration factors for power tool temperature, 
power tool age etc. and by varying the air inlet pressure 
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to the power tool. This method is based on pre-production 
calibration procedures where the calibration factors for 
the actual screw joint and the different air pressure 
levels to be used during tightening are determined. Since 
this previous method does not use a power tool provided 
with torque sensing means the output torque of the tool has 
to be correlated to cor are spending air pressure levels which 
are listed in a table, and when applying the power tool on 
a screw joint of a certain size the list tells the operator 
what air pressure levels should be used to safely achieve a 
desired final torque in the screw joint. Accordingly, this 
known method is not universally applicable on different 
screw joints but require a pre --product ion calibration 
procedure on the actual screw joint. This is 
disadvantageous in that it is complicated and time 
consuming. 



It is the object of the invention to provide a method for 
governing a screw joint tightening process performed by a 
pneumatic impulse wrench does not require any pre- 
tightening calibration procedures and which is controlled 
in such a way that overtightening of the screw joint is 
safely avoided under all conditions, and a power tool 
system for performing the method and including a pneumatic 
impulse wrench which combines a simple and compact design 
with a reliable parameter magnitude sensing and 
ascertainiz^. 



A preferred eiribodiment of the invention is described below 
with reference to the accompanying drawing. 

In the drawing 

Fig. 1 illustrates a power tool system according to the 

invention.. 

Fig. 2 shows an enlarged fractional view of the impulse 
wrench shown in Fig. i and illustrates the angular movement 
sensing device. 
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The power tool system illustrated in Pig, 1 comprises a 
pneumatic impulse wrench lo including ^ motor 11 with a 
rotor 12, an inpulse unit 13 including an inertia drive 
member 14 connected to the motor rotor 12, and an output 
shaft 15. The impulse wrench lo further coinprlees an 
angular movement detecting device 16 which includea a disc 
17 with a magnetised rim portion 18. The disc 17 is rigidly 
affixed to and co-rotating with the inertia drive member 
14, and a stationary aensing device 19 located 
approximately to the magnetised rim portion 18 of the disc 
17- The rim portion 18 is magnetised to provide a number of 
magnetic poles equally distributed along its periphery, and 
the sensing device 19 comprises sensor elements 120 carried 
on a coimection board 20 and activated by the magnetic 
poles of the rim portion 18 to deliver electric signals in 
response to the movement of the disc 17. The connector 
board 20 is coupled to a circuit board 21 which carries a 
number of electronic components (not shown) for treating 
the signals delivered by the sensor elements 120 and 
sending secondary signala to a stationary programmable 
control unit 22 via a multi-core cable 24* Pressure air is 
supplied to the impxilse wrench via a hose 25 and a flow 
regulating valve 26 which commMnicatea with a pressure air 
source and which is connected to the control Unit 22 for 
receiving operating signals. The flow regulating valve 26 
is of the type that is able to adjust the air flow 
magnitude successively in the range between xero and full 
power flow as deteannined by the signals delivered by the 
control unit 22. 

The signals delivered by the movement detecting device 16 
correspond to the rotational movement of the drive member 
14 and are used for calculating not only the speed and 
retardation of the drive member 14 but also the installed 
torque, because with the 3cnowledge of the total inertia of 
the rotating parts, i.e. the drive member 14 and the 
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connected motor rotor 12, the energy and hence the 
Installed torque magnitude of each delivered torque impulse 
may be calculated. This method of torque calculation is 
previously described per Be in the above mentioned WO 
02/083366. 

In addition to the above described method of calculating 
and determining the delivered torque and lapsed rotation 
angle during each torque impulse it is also possible to 
calculate the torque rate of the screw joint, i.e, the 
torque growth per angle increment. This is accottplished 
during a first couple of iwpixlses delivered to the screw 
joint, and when the torque rate is calculated an determined 
it is possible to adapt the continued iit5)ulse application 
to the screw joint in a very accxirate way, without having 
to rely on pre -tightening calibration procedures on the 
actual screw joint . 

This means that the method according to the invention is 
universally applicable on all screw joints within a certain 
size range. By this new method occurring deviations in 
torque rate between different screw joints are 
automatically compensated for, and occurring screw joint 
faults like misalignments, cross threading, ripped-off 
threads etc. are immediately detected as abnormal torque 
growth characteristics* 

In contrast to previously described methods for 
accomplishing a screw joint tightening control at 
pneumatically driven impulse tools the invention makes it 
possible to control the tightening process via the inlet 
air pressure and without having to perform any pre- 
production rest runs to calibrate the torque output of the 
actual power tool in relation to the supplied air pressure 
and other factors like teinperature , power tool age etc. 
According to the invention the output torque as well as the 
torque growth are determined momentarily during tightening 
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process, and the inlet air preeeure is itmnediately adapted 
to the actual joint conditions such that a desired 
tightening result is ensured, no matter the characteristics 
of the actual screw joint. The power tool just has to be 
progratnmed with the desired target torque level and a 
chosen strategy for- varying the inlet air pressure during 
the tightening process in response to the set target torque 
level and the calculated torque growth. No pre-production 
test runs on the actual screw joint have to be performed 
for calculation purposes* 



Based on this previously described torque detexroination 
method the operation of the inipulse wrench is governed by 
controlling the pressure air supply to the impulse wrench 
motor, via the flow regxilatixxg valve 26. According to the 
invention the pressure air supply is controlled such that a 
reduced motor power and speed is obtained before and diiring 
the very first one or two delivered torque impulse or 
impulses, where a torque growth calculation is performed. 
Thereafter a full power air pressure is supplied to the 
impulse wrench motor. When reaching a certain torque 
magnitude which preerably is a certain percentage of the 
set target torque level, for instance 80% of the target 
torque level, the air flow regulating valve 26 is 
instructed by the control unit 22 to reduce the air supply 
flow and hence the motive air pressure to a certain level 
or a predetermined percentage of the full power flow, for 
instance 80% of the full power flow, to thereby reduce the 
rotation speed of the power tool lo towards the end of the 
tightening process and minimise the risk of overtightening 
the screw joint due to the influence of inertia related 
dynamic forces* As the set target torque level is reached 
the flow regulating valve 26 is instructed to further 
reduce the air supply flow so as to interrupt the 
tightening process either by stopping the impulse wrench or 
by maintaining the installed torque magnitude via a 
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continued impulse delivery at a further decreased air 
pressure and reduced torque magnitude in each inpulse. 
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Claims „ 

1. Method for tightening a screw joint to a desired 
target torque level by means of an in^ulse wrench having an 
impulse unit with a motor driven inertia drive member, and 
a programmable control unit arranged to control the power 
supply to the impulse wrench according to the following 
steps : 

• starting a screw joint tightening process at a 
reduced power supply to the impulse wrench, 

• ascertaining the angular displacement and 
retardation magnitude of the inertia drive member during 
each delivered ingpulse, 

• calculating the instantaneous torque magnitude 
and torque growth during a number of delivered impulses^ 

• increasing after the very first delivered 
impulse the power supply to the impulse wrench in response 
to the calculated torque growth, 

• reducing the power supply to the impulse wrench 
in response to the instantaneous torque magnitude and to 
the calculated torque growth during each impulse after the 
instantaneous torque magnitude has reached a predetermined 
part of the desired target torque levels and 

• interrupting the power supply to the impulse 
wrench as the target torque level has been reached. 

2. Method according to claim 1, wherein the power 
supply is increased after th'e very first delivered impulse 
to an optimum magnitude determined by the calculated 
relative torque growth and the installed torque magnitude 
during the very first delivered in¥)ulse in relation to the 
target torque level. 

3. Power wrench system for tightening a screw joint 
to a desired target torque level, comprising a torque 
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impulse wrench, a programmable Control unit, and a power- 
supply means connected to the impulse wrench and governed 
by the control unit, wherein the itnpiilae wrench comprises 
an inrpulee unit with a motor driven inertia drive mettiberri 
and a angle sensing means is connected to said inertia 
drive member to detect the angular movement of said ineirtia 
drive member. 

Characterized In that 
• * said power supply means is controlled to suppDLy 

the impulse wrench with a reduced power until the very 
first impulse is delivered to the screw joint being worl^ed, 

• said contxrol unit is arranged to receive signals 
from the angle sensing means and to determine the angular 
displacement and the retardation magnitude of the inertia 
drive member during each delivered iir^ulse, and to 
calculate the delivered torque as well as the torque growth 
per angle increment during each in:5)ulse, and 

• said control unit is arranged to increase the 
power supply to the impulse wrench after the very first 
impulse has been delivered, to reduce the power supply tio 
the iiv^ulse wrench as the instantaneous torque magnitude 
has reached a predetermined part of the target torque 
level, and to interrxipt the power supply to the impulse 
wrench as the target torqiie level has been reached* 

4. Power wrench system according to claim 3, wheroin 
the impulse wrench is pneumatically powered, and said power 
supply means con^rises a valve connected to the control 
unit and arranged to vary the pressure air supply to the 
impulse wrench between zero and a full power flow as 
determined by the control unit. 

5. Power tool system for screw joint tightening, 
comprising a pneumatic inf^pialse wrench (10) , and a control 
unit (22) programomable according to a desired tightening 
strategy including a set value or values o£ one or more 
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tightening parameters of a target torque level, wherein 
said impulse wrench (lo) includes a pressure air driven 
inotpr (11) with a TOtor (12) . an impulse unit {13) with an 
inertia drive member (14) connected to the motor rotor 
(12), and a pressure air supply means (25,26) connected to 
the motor (11) , 

characterized in that 

• an angle encoder (16) is connected to the 
control unit (22) and arranged to detect the angular 
movement of said inertia drive member (14) , 

• said control unit (22) comprising a means for 
ascertaining during tightening and based on the detected 
angular movement of said inertia drive member (14) the 
instantaneous value or values of one or more tightening 
parameters at each torque in?>ulae and for cotnpariag the 
instantaneous parameter value or values with the set 
parameter value or values of the target torque level, and 

• said pressure air supply means (25,26) is 
connected to the control unit (22) and comprising a flow 
regulating device (26) which is arranged to successively 
adjust during tightening the pressure air flow ho the motor 
(11) in a range between aero and full power flow as 
determined by the control unit (22) . 
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(57) Abalmcti A mathod and a power tool 
system for seiew joint ti^t^ng by meRn» 
gf a pneumacic tDrqDe iinjmlso power tool 
(tO) contrnllcd by > statJonmy programmable 
control anit (22) and via a tonqtie magtiitnde 
And lerqiiB growth calcutaHon based on 
si^ljt dcKvcrod by an angle sensing device 
(1 6) on the impulse unit (13) of die power tool 
(tO), wherein moHve prcSOTrc alf is supplied 
10 the power loql via a flow regulating 
valve (26) whleb is successively adjnjitJib^c 
between zm and a full power 0ow. The 
flow mgalAtJng valve (2rS) is conlioHed by the 
control anit (22) to deliver a reduced power 
air now to the power tool (10) before and 
during the very Erst delivered impulse, ihen 
delivering a fall power flow entil a ccitain 
torqoB msigmtude or a certain pcttasntagc of 
the target torx^uc level js reached, whercalter 
the air sapply flow i.s ngoin rcdiieed tintil the 
taiTpit torque level is reached* and when the 
tafi^t (or^ue level is reached the air flow is 
shut oIL 
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AMENDED CLAIMS 

(received by the International Bureau on 1 7 June 2005 (17.06.2005); 
original claims 1-5 rerplaced by amended claims 1-6] 

Claims ■■ 

1* Method for tightening a screw joint to a desired 

target torque level by tneang of an impulse wrench having an 
inpulse unit with a motor driven inertia dirive member r and 
a programmable control unit arranged to control the power 
supply to the impulse wrench according to the following 
steps; 

• starting a screw joint tightening proceds at a 
reduced power supply to the impulse wrench, 

• determining the instantaneous torque magnitude 
and calculating the torque growth during a number of 
delivered ittipulses, 

• increasing after the very first delivered 
impulse the power supply to the impulse wrench in response 
to .the calculated torque growth. 

• reducing the power supply to the iirgpulse wrench 
in response to the instantaneous torque magnitude and to 
the calculated torque growth during each impulse after the 
Instantaneous torque magnitude*' has reached a predetermined 
part of the desired target torque level, and 

• interrupting the power supply to the impulse 
wrench as the target torque level has been reached. 

2. Method according to claim 1, wherein the power 
supply is increased after the very first delivered impulse 
to an optimum magnitude determined by the calculated 
relative torque growth and the installed torque magnitude 
during the very first delivered impulse in relation to the 
target torque level. 

3. Method according to claim 1 or 2, wherein the 
angular displacement and retardation magnitude of the 
inertia drive member during each delivered impulse is 
ascertained and the instantaneous torque magnitude is 
calculated therefrom. 
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4. Power wrench system for tightening a screw joint 
to a desired target torque level, comprising a torque 
in¥>ulse wrench, a progranmable contxx?! unit, and a power 
supply means connected to the impulse wrench and governed 
by the control unit, wherein the impulse wrench comprises 
an impulse unit with a motor driven inertia drive member, 
and a angle sensing means is connected to said inertia 
drive member to detect the angular movement of said inertia 
drive member, 

characterized in that 

• said power supply means is controlled to supply 
the impulse wrench with a reduced power until the very 
first impulse is delivered to the screw joint being worked, 

• said control unit is arranged to receive signals 
from the angle sensing means and to determine the angular 
displacement and the retardation magnitude of the inertia 
drive member during each delivered impulse, and to 
calculate the delivered torque as well as the torque growth 
per angle increment during each impulse, and 

• said control \mit is arranged to increase the 
power supply to the in^ulse wrench after the very first 
impulse has been delivered, to reduce the power supply to 
the iirpulse wrench as the instantaneous torque magnitude 
has reached a predetermined part of the target torque 
level, and to interrupt the power supply to the inqpulse 
wrench a& the target torque level has been reached. 

5, Power wrench system according to claim 4, wherein 
the impulse wrench is pneumatically powered, and said power 
supply means comprises a valve connected to the control 
unit and arranged to vary the pressure air supply to the 
impulse wrench between zero and a full power flow as 
determined by the control unit. 
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6. Power tool system for screw joint tightening, 

comprising a pnexjraatic impulse wrench (10) , and a control 
xinit (22) programmable according to a desired tightening 
strategy including a set value or values of one or more 
tightening parameters of a target torguie level, wherein 
said impulse wrench (10) includes a pressure air driven 
motor (11) with a rotor (12), an impulse unit (13) with an 
inertia drive member (14) connected to the motor rotor 
{12) t and a pressure air supply means (25,26) connected to 
the motor (11) , 

characterized in that 

• an angle encoder (16) is connected to the 
control unit (22) and arranged to detect the angular 
movement of said inertia drive member (14) , 

• said control unit (22) comprising a means for 
ascertaining during tightening and based on the detected 
angular movement of said inertia drive member (14) the 
instantaneous value or values of one or more tightening 
parameters at each torque impulse and for comparing the 
instantaneous parameter value or values with the set 
parameter value or values of the target torque level, and 

• said pressure air supply meatus (25,26) is 
connected to the control unit (22) and comprising a flow 
regulating device (26) which is arranged to successively 
adjust during tightening the pressure air flow to the motor 
(11) in a range between zero and full power flow as 
determined by the control unit (22) » 
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